We have developed a microtechnique for detection of streptococcal serum opacity factor (OF) Horse serum (GIBCO Diagnostics, Grand Island, N.Y.) was used as the "substrate" in the serum opacity reaction after multiple lots from several suppliers were screened for suitability. The horse serum was stored at -20°C. Single 100-ml bottles were thawed as needed and heated at 56°C for 30 min to inactivate endogenous enzymes. The pH of the horse serum was not adjusted for use in these studies. Storage for daily use was at 4°C after addition of 0.2 mg of thimerosal per ml to inhibit contamination.
Although the efficacy of using streptococcal serum opacity factor (OF) techniques for serotype characterization of group A streptococci is well established (12, 16) , OF typing has not been widely used. Previously available techniques are labor intensive, the results may be difficult to interpret, and antisera for OF typing have been difficult and expensive to produce in laboratory animals. To eliminate these disadvantages, we have developed a microtechnique which is quick and simple to perform, is easy to interpret, conserves materials (especially antisera), and permits use of readily available and inexpensive human serum as a source of anti-OF antibodies. This useful technique can now be made available to more laboratories because of this simplicity. Wild-type strains of group A streptococci were obtained from previous and ongoing epidemiological studies in our laboratory. Long-term storage of stock strains was by lyophilization. Short Horse serum (GIBCO Diagnostics, Grand Island, N.Y.) was used as the "substrate" in the serum opacity reaction after multiple lots from several suppliers were screened for suitability. The horse serum was stored at -20°C. Single 100-ml bottles were thawed as needed and heated at 56°C for 30 min to inactivate endogenous enzymes. The pH of the horse serum was not adjusted for use in these studies. Storage for daily use was at 4°C after addition of 0.2 mg of thimerosal per ml to inhibit contamination.
OF was obtained in two ways. Strains were grown for 16 to 18 h at 35°C in Todd-Hewitt broth (Difco Laboratories, Detroit, Mich.) supplemented with an additional 2% Neopeptone (Difco). The clear supernatant broth was examined for presence of OF as described below. In addition, standard Lancefield hot-HCI extracts (15) of the same strains were also tested for presence of OF. In the work described here, we generally used HCI-extracted OF.
The microwell method for detection of OF involved the use of standard 96-well tissue culture plates with lids (Costar, Cambridge, Mass.). Horse serum (100 ,ul) followed by a culture supernatant or HCI extract from the strain to be tested (10 ,ul) Inc., Alexandria, Va.). The plate was illuminated by a lamp placed above and behind the stand. A black surface was held above the microwell plate, which was then read by viewing into the mirror through the bottom of the plate, which appeared illuminated against the dark background. By this technique, wells with positive OF reactions appeared white (opaque), whereas wells with negative OF reactions appeared black (clear).
Detection of the presence of OF by the traditional solidagar technique was done by the method of Maxted et al. (12) .
Inhibition of OF by type-specific antibody (OF typing) was performed by the following microwell technique. Culture supernatant or HCI extract, ranging in volume from 2.5 to 10 pul (weak OF producers require the larger volume), from each streptococcal strain to be typed was combined with 10 pul of type-specific human or guinea pig antiserum in a microplate well. Plates were incubated for 1 h at 35°C to enhance antigen-antibody binding before 100 pul of inactivated horse serum was added; the plates were then reincubated at 35°C in a moist environment. After overnight incubation, 100 ,ul of normal saline was added to each well and the plates were examined visually. All tests incorporated appropriate controls including antibody-negative (or heterologous) sera and OF-negative extracts, supernatants, or saline. Quantitation of results was obtained when desired by measuring the A450 of the plates in a photometric enzymelinked immunosorbent assay-type plate reader (Flow Laboratories, Inc., McLean, Va.). Each microplate contained wells with appropriate blank solutions. The A450s of these blanks were subtracted from the A450s of the corresponding test wells to give the most accurate quantitation of serum opacity. During the early phases of this study, concomitant determinations for OF inhibition were compared with the solid-agar method of Maxted et al. (12) .
Antisera for OF typing were either raised in guinea pigs by the procedure of Fraser (2) or obtained from a bank of reference human serum samples collected from laboratory personnel. The earliest human serum samples tested were collected in 1975. All samples had been stored at -20°C; small aliquots were preserved with 0.02% thimerosal and held at 4°C for routine use during these studies.
RESULTS
Detection of OF production. The microwell method for detection of OF production is shown in Fig. 1 4 shows OF inhibition by the agar method. The agar contains horse serum and OF from the same reference M-4 strain as in Fig. 3 . The same 12 human serum samples shown in Fig. 2A (Table 1) . Of these, nearly two-thirds (31 of 49) had antibodies to at least two different serotypes. One serum sample contained antibodies to nine different types. With the more stringent requirement of strong (total) inhibition, nearly two-thirds of individuals tested (37 of 58) were antibody positive, and of these, nearly 60% (22 of 37) had antibodies to more than one type.
In serum samples from these 58 individuals (adults living in Minnesota), OF-inhibitory activity was most frequently observed with M-4 (34% of individuals tested), M-2 (29%), M-75 (22%), and M-48 (19%) ( Table 2 ). These 58 human serum samples had antibody to 25 of 27 (93%) recognized OF-positive reference strains of group A streptococci.
Persistence of OF antibody. Serum samples from several of the 58 individuals studied had been collected and stored in previous years. Samples from four of these persons were reexamined to determine the persistence of serum anti-OF antibody. (17) , their availability is limited, and they are expensive. Many of these difficult serotypes produce OF, an enzymelike substance which has the ability to produce opacity when combined with various mammalian sera (9, 13, 14, 18) . This OF production is consistently and exclusively associated with specific Mserotype streptococcal strains (3, 16, 17, 19) . Demonstration of OF production not only allows the classification of that strain into OF-positive and OF-negative categories but also facilitates the typing process by limiting initial typing efforts to M types that correspond to the OF production status of that strain (OF-or OF'). This results in a significant saving in time and material, especially in M typing antisera. Equally important, characterization of group A streptococci by 0F typing can be used instead of M typing for the 27 currently recognized OF-positive strains (6, 11, 12, 17) . This greatly enhances the typing capability of laboratories involved in group A streptococcal serotype identification.
Turbidimetric methods (so-called tube tests) for detection of OF production have been used since the initial discovery of streptococcal OF by Ward and Rudd in 1938 (18) . Photometric quantitation of OF as applied to OF typing of streptococci in a macrotube test was described by Top and Wannamaker (16) , and quantitative macrophotometric methods continue to be used by those desiring quantitation of test results (4, 5, 11, 19) . The reliability of photometric technology as applied to OF testing is well established. However, the most significant problem with the original photometric techniques has been the requirement for large quantities of sera and reagents. The solid-agar method reduced significantly the volume of one reagent (the reagent spotted on the agar surface) but increased the preparation time for the actual test. Other inherent limitations of the solid-agar methodology were the difficulties in typing weakly OFproducing strains and in visually demonstrating weakly positive inhibition reactions from true-negative reactions.
The microwell method described here essentially eliminates all of these problems. The test may be set up very quickly, since it requires no advance preparation of plates. This economy of labor is one of the most important benefits of the technique. Only small quantities of material are required, generally 10 ,ul or less, making the test economical in this regard as well. Weak OF producers may often be satisfactorily tested simply by increasing the amount of OF added to the well in the microtechnique. The ability to obtain rapid quantitation of results by the use of an enzyme-linked immunosorbent assay reader is another important advantage of this technique. An apparent weak-positive reaction can easily be compared with a large number of true-negative reactions to allow an objective, statistically based decision about the significance of the result. Also, the opacity caused by turbid antisera (often resulting in a visually unreadable test) can be eliminated by using a plate reader and subtracting appropriate blanks. The sensitivity of the microwell method for detecting OF production was higher than that of the agar method when read photometrically and slightly but insignificantly lower when read visually.
The technical aspects of the micro-OF technique are not complex. The effect of pH on detection of serum opacity was examined by using doubling dilutions of OF-positive extracts with horse serum adjusted to pH 6.0 versus unadjusted horse serum. The lower-pH extracts showed approximately a one-dilution increase in sensitivity in detecting opacity. However, we believe that the advantage of simplicity in using unadjusted horse serum outweighed this slight increase in sensitivity obtained by pH adjustment. In limited studies examining the effect of pH on OF typing in microwells, a pH in the range of 7.2 to 7.5 was found to give optimal inhibition ofopacity. Since this was the normal pH ofour horse serum, no pH adjustment was used in the routine procedures described. Since pH adjustment may be required with different lots of horse serum, researchers in individual laboratories may wish to evaluate this variable.
The traditional wavelength of 475 nm (4, 5, 7, 8, 11, 12, (11) , and it is likely, as proposed by Iontova and Totolian (7) , that this test can also provide a means for measuring population immunity to specific streptococcal serotypes.
Lancefield (10) demonstrated the very long persistence of anti-M bactericidal antibodies in human serum. Ours is the first study to document prolonged persistence of OF antibodies in human serum (Table 3) . Of eight different OF type-specific antibodies found in serum samples collected and stored in past years, all were present in serum samples collected for this study after a time interval of 7 to 12 years. In fact, not once did we document loss of antibody activity or significant reduction in strength of antibody. The possibility that this was not true persistence but rather was due to an immunological boost from undocumented exposure or infection cannot be ruled out. However, the relative rarity of several of these strains, combined with the absence of acquisition of antibody to these types (except following documented exposure as noted in the text), would argue against that possibility.
The experienced streptococcal typing laboratory, as well as the newly established or less experienced laboratory, can benefit from the inclusion of OF technology in its streptococcal identification procedures. The microtechnique described here eliminates many of the drawbacks of traditional OF methodologies: it requires no significant preparation time, it requires small quantities of reagents, and it gives results which may be quantitated if desired. With proper precautions, human sera can be easily evaluated for OF antibodies and used to serotype OF-producing streptococci, thus eliminating (or at least postponing) the significant time and expense required for production of OF-specific antisera in animals.
We believe that the new microtechnique for detecting OF and for OF typing now allows the addition of a useful, specific, and economic method of characterization of group A streptococci.
